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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radioactivity, and shielding applications over the incident
neutron energy range from 1 to 150 MeV. Production cross
sections and emission spectra are given for neutrons, protons,
deuterons, tritons, alpha particles, gamma rays, and all
residual nuclides produced (A>5) in the reaction chains.

To summarize, the ENDF sections with non-zero data are:

MF=3 MT= 2

MT= 5

MF=6 MT= 2

MT= 5

Integral of nuclear plus interference components
of the elastic scattering cross section

Sum of binary (n,n’) and (n,x) reactions

Elastic angular distributions given as ratios of
the differential nuclear-plus-interference to the
integrated value.

Production cross sections and enerqy-anqle
distributions for emission neutron~~ pr~tons,
deuterons, and alphas; and angle-integrated
spectra for gamma rays and residual nuclei that
are stable against particle emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
Fe56 and p + Fe56 reactions (Ch96a) . We use the GNASH code
system (Y092) , which utilizes Hauser-Feshbach statistical,
preequilibrium and direct-reaction theories. Spherical optical
model calculations are used to obtain particle transmission
coefficients for the Hauser-Feshbach calculations, as well as
for the elastic neutron angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions that exceed a cross section of
approximately 1 nb at any energy. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematic
(Ka88) .
A model was developed to calculate the energy distributions of

all recoil nuclei in the GNASH calculations (Ch96b) . The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. Note
that all other data in MT=5,MF=6 are given in the center-of-mass
system. This method of representation requires a modification of
the original ENDF-6 format, i.e., we use LCT.3 with LAW I to
indicate that data for the heavy recoils are in the lab system
but all other reactions are in the cm system.

Preequilibrium corrections were performed in the course of the
GNASH calculations using the exciton model of Kalbach (Ka77,
Ka85) , validated by comparison with calculations using Feshbach,
Kerman, Koonin (FKK) theory [Ch93] . Discrete level data from
nuclear data sheets were
using the formulation of
parameters from the Cook

matched to continuum level densities
Ignatyuk (Ig75) and pairing and shell
(C067) analysis. Neutron and charged-



particle transmission coefficients were obtained from the
optical potentials, as discussed below. Gamma-ray transmission
coefficients were calculated using the Kopecky-Uhl model (K090) .

Direct reaction cross sections to discrete states were
calculated with the ECIS95 code [Re95] using deformation
parameters compiled in Nuclear Data Sheets.

The optical model potential of Arthur et al. (Ar80) was used
to calculate transmission coefficients with the SCAT2 code
(Be92) for neutrons up to an energy of 26 MeV. Between 26 and
52 MeV, the imaginary volume component of Arthur’s potential was
modified to better account for nonelastic cross section
measurements, and above 52 MeV the Semmering potential of
Madland (Ma88) was used. For protons, the Beccetti-Greenlees
potential (Be69) was utilized for both transmission coefficients
and scattering and reaction cross sections below 28 MeV, and the
Madland potential (Ma88) was used at higher energies. The
global spherical potential of Perey (Pe63) was utilized for
deuteron transmission coefficients, and the potential of
Beccetti-Greenlees (Be) was adopted for tritons. Finally, the
alpha potential of Lemos (Le72) , as adapted by Arthur et al.
(Ar80) , was used for alpha particles.
MT=2 elastic scattering data in MF=3 and MF=6 are based on

optical model calculations with the SCAT2 code (Be92) . We have
made use of the IInuclear-plus-interference” OptiOn in MF=6/
which corresponds to LAW=5, LTP=12, and the appropriate
integrated cross section is stored in MF=3. Note that because
of the interference effect, the tabulations in both MF=6 and
MF=3 can be negative at some energies and angles.
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26056= TARGET 1000Z+A (if A.O then elemental)
1001 = PROJECTILE 1000Z+A
Nonelastic, elastic, and Production cross sections for A<5 ejectiles in barns:
Enerpy nonelas elastic neutron proton deuteron triton helium3 alpha ganuna

.—— .,,..,.. “,,, ,,
2.000E+OO 3.407E-04 O.OOOE+OO’O.O~OE+OO3.407E-040.000E+OO0.000E+OO0.000E+OO0.000E+OO5.371E-04
3.000E+OO1.104E-O20.000E+OO0.000E+OO1.104E-O20.000E+OO0.000E+OO0.000E+OO1.212E-121.130E-02
4.000E+OO8.287E-020.000E+OO0.000E+OO8.287E-020.000E+OO0.000E+OO0.000E+OO3.346E-088.427E-02
5.000E+OO2.361E-010.000E+OO0.000E+OO2.361E-010.000E+OO0.000E+OO0.000E+OO1.002E-052.576E-01
6.000E+OO4.436E-010.000E+OO6.221E-023.81OE-O10.000E+OO0.000E+OO0.000E+OO3.424E-045.437E-01
7.000E+OO6.204E-010.000E+OO1.593E-014.595E-010.000E+OO0.000E+OO0.000E+OO1.613E-038.995E-01
8.000E+OO7.063E-010.000E+OO2.080E-014.899E-010.000E+OO0.000E+OO0.000E+OO8.384E-031.190E+O0
9.000E+OO7.743E-010.000E+OO2.394E-015.183E-010.000E+OO0.000E+OO0.000E+OO1.657E-021.464E+O0
1.000E+O18.318E-010.000E+OO2.680E-015.41OE-O12.034E-080.000E+OO0.000E+OO2.273E-021.741E+O0
1.1OOE+O18.790E-010.000E+OO2.903E-015.582E-016.560E-060.000E+OO0.000E+OO3.050E-022.006E+O0
1.200E+019.188E-010.000E+OO 3.115E-01 5.690E-01 1.232E-04 0.000E+OO 0.000E+OO 3.823E-02 2.253E+O0
1.300E+01 9.492E-01 0.000E+OO 3.306E-01 5.897E-01 8.188E-04 7.007E-11 0.000E+OO 4.554E-02 2.415E+O0
1.400E+01 9.711E-01 0.000E+OO 3.487E-01 6.494E-01 2.301E-03 2.899E-07 0.000E+OO 5.144E-02 2.420E+O0
1..5OOE+O1 1.012E+O0 0.000E+OO 3.971E-01 7.349E-01 4.858E-03 7.468E-06 0.000E+OO 5.648E-02 2.389E+O0
1.600E+01 1.036E+O0 0.000E+OO 4.657E-01 8.063E-01 7.989E-03 3.583E-05 0.000E+OO 5.970E-02 2.253E+O0
1.700E+01 1.055E+O0 0.000E+OO 5.499E-01 8.535E-01 1.222E-02 8.939E-05 0.000E+OO 6.179E-02 2.133E+O0
1.800E+011.072E+O00.000E+OO6.266E-018.916E-011.679E-021.912E-040.000E+OO6.347E-022.074E+O0
1.900E+011.085E+O00.000E+OO6.805E-019.266E-012.139E-023.558E-040.000E+OO6.494E-022.099E+O0
2.000E+O11.094E+O00.000E+OO7.143E-019.496E-012.689E-025.737E-040.000E+OO 6.672E-02 2.137E+O0
2.200E+01 1.103E+OO 0.000E+OO 7.589E-01 9.750E-01 3.532E-02 1.105E-O3 0.000E+OO 7.214E-02 2.362E+O0
2.400E+01 1.102E+OO 0.000E.+00 7.920E-01 9.749E-01 4.291E-02 1.654E-03 0.000E+OO 8.065E-02 2.540E+O0
2.600E+01 1.092E+O0 0.000E+OO 8.286E-01 9.835E-01 4.983E-02 2.061E-03 0.000E+OO 8.795E-02 2.571E+O0
2.800E+01 1.077E+O0 0.000E+OO 8.667E-01 1.009E+O0 5.312E-02 2.580E-03 0.000E+OO 9.096E-02 2.518E+O0
3.000E+O1 1.060E+O0 0.000E+OO 8.987E-01 1.040E+O0 5.774E-02 3.025E-03 0.000E+OO 9.029E-02 2.457E+O0
3.500E+01 1.017E+O0 0.000E+OO 9.375E-01 1.133E+O0 6.863E-02 3.982E-03 0.000E+OO 8.309E-02 2.277E+O0
4.000E+O1 9.800E-01 0.000E+OO 9.724E-01 1.191E+O0 7.559E-02 4.61OE-O3 0.000E+OO8.073E-022.187E+O0
4.500E+01 9.51OE-O1 0.000E+OO 1.040E+O0 1.236E+O0 8.051E-02 5.032E-03 0.000E+OO 8.173E-02 2.083E+O0
5.000E+Ol 9.250E-01 0.000E+OO 1.114E+O0 1.291E+O0 8.360E-02 5.345E-03 0.000E+OO 8.539E-02 2.000E+OO
5.500E+01 8.980E-01 0.000E+OO 1.179E+O0 1.337E+O0 8.397E-02 5.542E-03 0.000E+OO 8.984E-02 1.917E+O0
6.000E+O1 8.730E-01 0.000E.tOO 1.253E+O0 1.390E+O0 8.380E-02 5.812E-03 0.000E+OO 9.949E-02 1.856E+O0
6.500E+01 8.520E-01 0.000E+OO 1.321E+O0 1.438E+O08.504E-026.147E-030.000E+OO1.093E-011.807E+O0
7.000E+Ol8.340E-010.000E+OO1.371E+O01.479E.I.008.673E-026.604E-030.000E+OO1.197E-011.721E+O0
7.500E+018.1OOE-O10.000E+OO1.416E+O01.505E+O08.722E-027.009E-030.000E+OO1.275E-011.677E+O0
8.000E.I.017.900E-010.000E+OO1.462E+O01.!529E+O08.800E-027.500E-030.000E+OO1.352E-011.640E+O0
8.500E.tOl7.740E-010.000E+OO1.517E+O01.562E+O08.865E-028.214E-030.000E+OO1.450E-011.583E+O0
9.000E.tOl7.530E-010.000E+OO1.540E+O01.575E+O08.932E-028.812E-030.000E+OO1.51OE-O11.541E+O0
9.500E+017.340E-010.000E+OO1.563E+O01.582E+O08.992E-029.478E-030.000E+OO1.563E-011.504E+O0
1.000E+027.190E-010.000E+OO1.599E+O01.604E+O08.947E-021.042E-020.000E+OO1.642E-011.469E+O0
1.1OOE+O26.980E-01 0.000E+OO 1.661E+O0 1.636E+O0 9.261E-02 1.224E-02 0.000E+OO 1.777E-01 1.403E+O0
1.200E+02 6.850E-01 0.000E+OO 1.741E+O0 1.681E+O09.643E-021.458E-020.000E+OO1.929E-011.377E+O0
1.300E+026.770E-010.000E+OO1.817E+O01.726E+O01.O1OE-O11.708E-020.000E+OO2.067E-011.352E+O0
1.400E+026.720E-010.000E+OO1.896E+O01.775E+O01.060E-012.003E-020.000E+OO2.212E-011.330E+O0
1.500E+026.690E-010.000E+OO1.96,5E+O01.825E+O01.104E-O12.307E-020.000E+OO2.347E-011.299E+O0

26056 = TARGET 1000Z+A (if A=O then elemental)
1001 = PROJECTILE 1000Z+A
Aver. lab emission energies for A<5 ejectiles in MeV:
Energy neutron proton deuteron triton helium3 alpha Wlnmla

2.000E+OO 0.000E+OO 9.831E-01 0.000E+OO0.000E+OO0.000E+OO0.000E+OO1.893E+O0
3.000E+OO0.000E+OO1.966E+O00.000E+OO0.000E+OO0.000E+OO1.702E+O08.345E-01
4.000E+OO0.000E+OO2.929E+O00.000E+OO0.000E+OO0.000E+OO2.640E+O07.740E-01
5.000E+OO0.000E+oO3.776E+O00.000E+OO0.000E+OO0.000E+OO3.416E+O08.443E-01
6.000E+OO 4.930E-01 4.272E+O0 0.000E+oO 0.000E.+00 0.000E+OO 4.366E+O0 1.O1lE+OO
7.000E+OO 9.226E-01 4.636E+O0 0.000E+OO 0.000E+OO 0.000E+OO 5.255E+O0 1.148E+O0
8.000E+OO 1.420E+O0 5.070E+00 0.000E+OO 0.000E+OO 0.000E+OO 6.142E+O0 1.256E+O0
9.000E+OO1.788E+O05.414E+O00.000E+OO0.000E+OO0.000E+OO6.898E+O01.427E+O0
1.000E+O12.039E+O05.708E+O07.584E-010.000E+OO0.000E+OO7.427E+O01.602E+O0
1.1OOE+.O12.242E+O06.027E+O01.646E+O00.0L3LlE+O00.000E+oO 7.653E+O0 1.767E+O0

1.200E+012.411E+O06.334E+O02.579E+O00.000E+OO0.000E+.007.840E+O01.929E+O0
1.300E+012.562E+O06.478E+O03.384E+O07.736E-010.000E+OO8.062E+O02.084E+O0
1.400E+012.630E+O06.316E+O03.954E+O01.674E+O00.000E+OO8.287E+O02.212E+O0
1.500E+012.636E+O06.167E+O04.565E+O02.596E+O0 0.000E+OO8.482E+O02.253E+O0
1.600E+01 2.566E+O0 6.107E+OO 5.089E+O0 3.416E+O0 0.000E+OO 8.654E+O0 2.198E+O0
1.700E+01 2.499E+O0 6.254E+O0 5.724E+O0 3.842E+O0 0.000E+OO 8.806E+O0 2.078E+O0
1.800E+01 2.531E+O0 6.475E+O0 6.370E+O0 4.272E+O0 0.000E+OO 8.952E+O0 1.940E+O0
1.900E+Ol 2.647E+O0 6.729E+O0 7.00IE+OO 4.615E+O0 0.000E+OO 9.092E+O0 1.825E+O0
2.000E+O1 2.797E+O0 7.033E+O0 7.711E+O0 4.969E+O0 0.000E+OO 9.211E+O0 1.821E+O0

2.2t)0E+013.132E+O07.660E+O08.890E+O05.979E.tOO0.000E+OO9.387E+O01.842E+O0
2.400E+013.435E+O08.316E+O01.O1lE+O16.970E+O00.000E+OO9.505E+O01.929E+O0
2.600E+013.693E+O08.903E+O0 1.128E+01 7.901E+O0 0.000E+OO 9.703E+O0 1.952E+O0
2.800E+01” 3.916E+O0 9.423E+O0 1.222E+01 8.798E+O00.000E+OO9.974E+O01.912E+O0

I
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3.000E+O1 4.154E+o0 9.866E+O0 1.324E+01
3.500E+01 4.874E+O0 1.094E+01 1.630E+01
4.000E+O1 5.587E+O0 1.21OE+O1 1.946E+01
4.500E+01 6.143E+O0 1.323E+01 2.265E+01
5.000E+O1 6.617E+O0 1.409E+01 2.561E+01
_5.500E+Ol 7.055E+O0 1.484E+01 2.814E+01
6.000E+O1 7.350E+O0 1.532E+01 3.045E+01
6.500E+01 7.644E+O0 1.576E+01 3.291E+01
7.000E+O1 8.025E+O0 1.623E+01 3.514E+01
7.500Z+01 8.366E+O0 1.669E+01 3.735E+01
S.000E+O1 8.697E+O0 1.718E+01 3.946E+01
8.500E+01 8.967E+O0 1.759E+01 4.094E+01
9.000E+O1 9.323E+O0 1.807E+01 4.288E+01
9.500E+01 9.664E+O0 1.859E+01 4.463E+01
1.000E+02 9.956E+O0 1.902E+01 4.519E+01
1.1OOE+O2 1.060E+01 2.007E+01 4.824E+01
1.200E+02 1.117E+01 2.106E+O1 5.036E+01
1.300E+02 1.178E+01 2.21OE+O1 5.276E+01
1.400E+02 1.236E+01 2.309E+01 5.456E+01
1.500E+02 1.301E+01 2.413E+01 5.592E+01

9.680E+O00.000E+OO1.027E+011.851E+O0
1.179E+010.000E+OO1.101E+O11.774E+O0
1.378E+010.000E+OO1.151E+011.777E+O0
1.567E+010.000E+OO1.187E+011.826E+O0
1.739E+010.000E+OO1.21OE+O11.844E+O0
1.886E+010.000E+OO1.227E+011.864E+O0
1.984E+010.000E+OO1.224E+011.872E+O0
2.047E+010.000E+OO1.225E+011.867E+O0
2.053E+010.000E+OO1.225E+011.793E+O0
2.059E+010.000E+OO1.229E+011.774E+O0
2.042E+010.000E+OO1.233E+011.770E+O0
1.985E+010.000E+OO1.235E+011.775E+O0
1.941E+010.000E+OO1.241E+011.785E+O0
1.890E+010.000E+OO1.248E+011.782E+O0
1.817E+010.000E+OO1.253E+011.804E+O0
1.707E+010.000E+OO1.264E+011.817E+O0
1.594E+010.000E+OO1.273E+011.81OE+OO
1.505E+010.000E+OO1.285E+011.806E+O0
1.425E+010.000E+OO1.295E+011.811E+O0
1.365E+010.000E+OO1.304E+011.842E+O0
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p+ 56Fe nonelastic and production cross sections

I I 1 I I I I I I
I I I I I I

.*. . “””....., ●O.*. ..*
. .............OO.O n. ............................ ----.. / P.

‘J Y.

(’
fi u.- ... ..●O-..-..o -.*-

.. 0*.-

H*”
O.”@

4“” d.~“”;>9- ek.---. ------- -- ------”
..4”

1 ~’.

i I’.. /
Ii
i
.

i.
i.
i I I I I I I I 1 I I I I

.

10°1 I I 1 I I I 1 1 I I I I I I I
o 50 100 150

Incident Energy (MeV)



p+ 56Fe angle-integrated emission spectra



p+ 56Fe Kalbach preequilibrium ratios
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